1. Introduction {#s0005}
===============

Worldwide obesity has risen to titanic proportions and has become a major worldwide health problem [@b0005]. In longitudinal study published by the Global Burden of Disease Study, the rate of weight gain expanded most rapidly in the Middle East particularly Egypt, which rank among the countries in the world with most overweight people. In Egypt, nearly 70% of the adult population---about 56.5 million people---are considered to be overweight. Over the past three decades, the highest rise in obesity levels among women has been found in Egypt. Being overweight is more than just an esthetic problem; people who are overweight have an increased risk of cardiovascular disease, cancer, diabetes, osteoarthritis, and chronic kidney disease, with most deaths due to cardiovascular problems, including heart attack and stroke [@b0010].

A phenomenon that has received increasing attention is the fact that body shape, and more specifically the regional distribution of adipose tissue, is at least as important, if not more important, than the total amount of body fat in predicting disease-causing complications that have been traditionally associated with obesity. Literature on regional adipose tissue distribution and metabolism has flourished over the past 25 years. They concluded that the proportion of abdominal adipose tissue is a key correlate; and perhaps driver of the health risk associated with overweight and obesity. Visceral obesity has now been established as being part of a complex phenotype including adipose tissue storage dysfunction and ectopic triglyceride accumulation in several sites including the liver [@b0015]. Nazare et al. [@b0020] have reported ethnic differences in risk and prevalence of metabolic diseases including obesity. This may be related to patterns of ethnic-specific body fat distribution.

Dyslipidemias, a group of biochemical disorders, is frequently encountered in obese individuals. The predominant features of dyslipidemias include increased flux of free fatty acids (FFA), raised triglyceride (TG) and low high density lipoprotein cholesterol (HDL-C) levels, a predominance of small dense (atherogenic) low density lipoprotein cholesterol (LDL-C) particles and raised apolipoprotein B (Apo B) values. However, there is a considerable heterogeneity of plasma lipid profile among obese people. The precise cause of this heterogeneity is not entirely clear but has been partly attributed to the degree of visceral adiposity [@b0025].

The Apo B gene is located on the short arm of chromosome (2p23-24) [@b0030], [@b0035]. Several single nucleotide polymorphisms in the Apo B gene have been described, including XbaI [@b0040] and EcoRI [@b0045]. The XbaI polymorphism arises due to a single base variation in exon 26 (at 2488th position ACC → ACT) of the Apo B gene that does not lead to change in amino acid sequence [@b0030]. This polymorphism has been found to be associated with generalized and regional obesity and an increase in various lipoprotein subfractions (total cholesterol \[TC\], low density lipoprotein cholesterol \[LDL-C\], and triglycerides \[TG\]), but the results are conflicting [@b0050].

Because of its central role in lipid transport and metabolism, the examination of the variations of the Apo B gene could help to explain interindividual variation in lipid levels and susceptibility to obesity [@b0055].

1.1. Aim of work {#s0010}
----------------

This study has been designed to investigate the importance of the XbaI polymorphism of Apo B gene (C7673T) as risk factor for visceral obesity and its influence on lipid profile among a sample of Egyptian obese females.

2. Subjects and methods {#s0015}
=======================

2.1. Subjects {#s0020}
-------------

This study was a cross-sectional case control one, consisting of 158 females: 122 obese females (BMI ⩾ 30 kg/m^2^) and 36 apparently normal healthy ones (BMI ⩽ 25 kg/m^2^) serving as control group; aged 30--62 years (mean: 49.88 ± 5.6). The obese females were classified into 2 groups: obese with visceral obesity (56) and obese without visceral obesity (66) using cutoff point of 7 cm by abdominal Ultrasound. All subjects enrolled in the study were recruited from outpatient clinic of the "Visceral Obesity Management Unit" at "National Research Centre"; between October 2011 and December 2013. All obese and controls were subjected to a detailed medical history and information was obtained on demographic characteristics concerning history and duration of obesity and medications. Exclusion criteria were: history of smoking, acute or chronic infections, coronary artery disease, congestive heart failure, chronic liver disease, diabetic nephropathy, rheumatic disease and cancer. The participants were informed about the purpose of the study and their permission in the form of written consent was obtained. The protocol was approved by the "Ethics Committee" of the "National Research Centre". The agreement reference number is 10/119.

**Anthropometry assessment:** Anthropometric evaluation was performed for all obese and control females. Body weight, height and waist circumference were measured following the recommendations of the International Biological Program [@b0060]. Body weight was determined to the nearest 0.01 kg using a Seca Scale Balance, with the subject wearing minimal clothing and with no shoes. Body height was measured to the nearest 0.1 cm using a Holtain portable Anthropometer. Waist circumference was measured at the level of the umbilicus with the subject standing; with the face directed forward and shoulders relaxed; and breathing normally, using non-stretchable plastic tape to the nearest 0.1 cm. Body mass index (BMI) was calculated as body weight divided by height squared (kg/m^2^).

**Body composition:** Each female was also examined by the TANITA Body composition Analyzer. As specified by the manufacturer, the unit was calibrated before testing. The participant stood on the foot board of the device, while she was holding the 2 handles carefully; each by one hand at the same time. By using her sex, age, weight and height approximated to the nearest unit, the percentage body fat (Fat%: an estimate of the fraction of the total body mass that is adipose tissue), fat mass (FM: an estimate of the fraction of the total body weight that is adipose tissue) and fat free mass (FFM: an estimate of the fraction of the total body weight that is not adipose tissue), total body water (TBW) and basal metabolic rate (BMR) were derived.

*Ultrasound* (*US*) examination to each female was done to evaluate visceral fat at the umbilicus (USVF) in cm. Intra-abdominal fat thickness measurement was obtained using the "Medison Sonoace X8" ultrasonography equipment. For the visceral fat, a 3.5 MHz transducer was transversely positioned 1 cm above the umbilical scar on the abdominal midline, without exerting any pressure over the abdomen. Visceral fat thickness attempted corresponding to the measurement in centimeters between the internal surface of the abdominal rectus muscle and the posterior aortic wall in the abdominal midline, during expiration. In the current research, we considered visceral fat thickness \<3 cm as normal, 3 to \<7 as border line and ⩾7 cm with visceral obesity [@b0065]. Then, the obese females were classified into 2 groups: obese with visceral obesity (56) and obese without visceral obesity (66) using cutoff point of 7 cm by Ultrasound. The entire control group had no visceral obesity (visceral fat thickness \<3 cm).

2.2. Laboratory investigations {#s0025}
------------------------------

### 2.2.1. Sample collection {#s0030}

Five milliliters of venous blood samples was withdrawn after 12--14 h overnight fast into two sterile vacutainer (Becton Dickinson, NJ, USA); one containing EDTA for assay Apo B gene variants and the other without additives to separate serum to assay glucose and lipid profile.

### 2.2.2. Biochemical analysis {#s0035}

**Estimation of lipid profile:** Plasma levels of triglycerides (TG), high density lipoprotein cholesterol (HDL-C) and total cholesterol (TC) were measured by standardized enzymatic procedures, using kits supplied by Roche Diagnostics (Mannheim, Germany) on the Olympus AU 400 automated clinical chemistry analyzer. Low density lipoprotein cholesterol (LDL-C) was calculated according to formula of Friedwald et al. [@b0070]:$$\text{LDL-C} = \text{Total\ cholesterol} - \text{Triglycerides}/5 + \text{HDL-C.}$$

**Genotype study of the Apo B XbaI gene polymorphism:**

**DNA extraction**: Genomic DNA was extracted from whole blood using DNA extraction kit (QIAamp DNA Blood Kit; Qiagen). The purity of extracted DNA was checked.

**Restriction fragment length polymorphism (PCR-RFLP):** The determination of Apo B C7673T polymorphism was done by the Polymerase Chain Reaction--Restriction Fragment Length Polymorphism (PCR-RFLP). The amplification reaction was carried out using primers: 5′-GGAGACTATTCAGAAGCTAA-3′ and 5′-GAAGAGCCTGAAGACTGACT-3′ and the following cycling conditions. Each amplification reaction was performed with 100 ng of genomic DNA; 10 pmol of each primer; 2 μL of 10× buffer solution; 200 μmol/L each of dATP, dCTP, dGTP, and dTTP; and 1 U of *Taq* polymerase in a total volume of 20 μL. The DNA fragments were generated from initial denaturation at 95 °C for 2.5 min, followed by 30 cycles of denaturation at 94 °C for 30 s, annealing at 58 °C for 40 s, and extension at 72 °C for 60 s, with final extension at 72 °C for 5 min. The amplification products were digested with the restriction enzyme *XbaI*, and the fragments were separated on a 4% agarose gel [@b0075].

### 2.2.3. Statistical analysis {#s0040}

The data analysis was carried out using the statistical package for social science (SPSS) software version 16 (Chicago, IL, USA). Frequency distribution of the genotypes and alleles was presented as percentage. All numeric variables were expressed as mean ± standard deviation (SD). Chi-square test was used in comparing qualitative data. Comparisons between 3 variables were done using a one way analysis of variance (ANOVA) test. Statistical significance was set at *p* \< 0.05.

3. Results {#s0045}
==========

The study population consisted of 122 obese females; their mean age 49.88 ± 5.6 years; and 36 healthy females as control group with age and sex matching. Comparison between obese and controls revealed that; BMI, waist circumference, total cholesterol, LDL-C and triglycerides levels were significantly higher in obese compared to controls (*p* \< 0.01), while insignificant difference was found for HDL levels.

3.1. Genotyping results {#s0050}
-----------------------

Comparing distribution of the genotypes of XbaI Apo B gene between total obese and normal weight subjects revealed that; the homozygote (TT) genotype was more frequent in both groups (*p* = 59% and 61.1% respectively) than the other two genotypes (CC and CT), while the homozygote (CC) genotype was the least frequent in both groups (*p* = 18% and 16.7% respectively) ([Table 1](#t0005){ref-type="table"}). Dividing obese females according to the presence of visceral fat; it was found that visceral obese status was associated significantly with the presence of the heterozygous (CT) genotype of the XbaI Apo B gene; as females carrying (CT) heterozygous represented; 22 out of 56 visceral obese (39.3%), 6 out of 66 (9.1%) obese without visceral fat and 8 out of 36 (22.2%) normal weight subjects; with highly significant differences (*p* \< 0.001). On the contrary the frequency of the homozygous (CC) (the wild type) was significantly the least genotype found in females with visceral obesity (7.1%) than; in females without visceral obesity (27.3%) and in lean subjects (17.7%) (*p* = 0.002). Moreover, the homozygote (TT) genotype was the most frequent in both obese without visceral obesity and control groups (63.6% and 61.1% respectively) than the obese with visceral obesity (53.6%) ([Table 2](#t0010){ref-type="table"}). Example of Electrophoretic separation of Apo B genotypes (XbaI) among 4 females is presented in [Fig. 1](#f0005){ref-type="fig"}.Table 1Genotypes distribution of XbaI Apo B gene in total obese and lean subjects.GenotypeTotalControlsTotal obese*p* value(*N* = 158)(*N* = 36)(*N* = 122)*N* (%)*N* (%)*N* (%)CT36 (22.8)8 (22.2)28 (23)0.001TT94 (59.5)22 (61.1)72 (59)0.000CC28 (17.7)6 (16.7)22 (18)0.002[^1]Table 2Genotype distribution of XbaI Apo B gene in obese; according to visceral obesity; and lean subjects.GenotypeTotalControlsObese (*N* = 122)*p* valueWithout visceral obesityWith visceral obesity(*N* = 158)(*N* = 36)(*N* = 66)(*N* = 56)*N* (%)*N* (%)*N* (%)*N* (%)CT36 (22.8)8 (22.2)6 (9.1)22 (39.3)0.002TT94 (59.5)22 (61.1)42 (63.6)30 (53.6)0.039CC28 (17.7)6 (16.7)18 (27.3)4 (7.1)0.002[^2]Figure 1Electrophoretic separation of Apo B genotypes (XbaI). Lane M: ΦX174 Marker. Lane 1: CC genotype (wild-type, homozygous and absence of the restriction site). Lane 2, 3 and 4: CT genotype (heterozygous).

Comparing the allele frequencies of XbaI Apo B gene among the different groups ([Table 3](#t0015){ref-type="table"}, [Table 4](#t0020){ref-type="table"}), revealed that T allele (about 70%) was more frequent than C allele (about 30%) in all groups under study (total sample, females with visceral fat, without visceral fat and in control females). This reflected the higher frequency of T allele than C allele among females with visceral obesity, while the heterozygous (CT) genotype was the most frequent among the females with visceral obesity.Table 3Allele frequency (%) of the XbaI in total obese and lean subjects.AlleleTotal Frequency (%)ControlsTotal obese*p* value(*N *= 36) (%)(*N* = 122) (%)C3027.829.50.000T7072.270.50.000[^3]Table 4Allele frequency (%) of the XbaI in visceral obese and lean subjects.AlleleTotal frequency (%)ControlsObese*p* valueWithout visceral obesityWith visceral obesity(*N* = 36) (%)(*N* = 66) (%)(*N* = 56) (%)C3027.831.826.80.019T7072.268.273.20.005[^4]

Comparisons of the anthropometric parameters and lipid profile between various genotype of the Apo B XbaI gene revealed statistically significant differences in visceral fat measured by Ultrasound; where the lowest size of visceral obesity among females subjected to this study was associated with the presence of the wild type (CC) genotype and the highest size was associated with the presence of the heterozygous (CT) genotype *t*(*p* = 0.017). Concerning lipid profile; the significant lowest level of triglyceride and HDL-C was associated with the presence of the wild type (CC) genotype, and the highest level of triglyceride was associated with the heterozygous (CT) genotype (*p* = 0.036); and the highest level of HDL-C was associated with the presence of the homozygous (TT) genotype (*p* = 0.006). However, insignificant statistical differences were detected between these 3 genotypes of Apo B gene regarding BMI, waist circumference, all body composition parameters (Fat%, fat mass, fat free mass, total body water and basal metabolic rate) and the other parameters of lipid profile (total cholesterol and LDL-C) ([Table 5](#t0025){ref-type="table"}).Table 5Comparisons of the anthropometric parameters and lipid profile between the genotype of Apo B XbaI gene.VariableCT (*N* = 36)TT (*N* = 94)CC (*N* = 28)*p* valueMean±SDMean±SDMean±SDWeight (kg)98.150020.4370991.123923.5082797.700015.472320.155Height (cm)159.785.67255159.168.91737161.758.220910.339BMI (kg/m^2^)38.27787.3936.13628.6637.73577.930.354Waist circumference (cm)105.9215.65100.3014.16106.1113.680.054US visceral fat (cm)6.702.955.871.995.101.840.017^∗^  *Body composition*FAT (%)44.296.5641.259.7041.7410.990.269FM (kg)44.6413.7539.1717.1541.7015.040.229FFM (kg)54.8110.7052.209.0255.297.580.169TBW40.127.8338.216.6040.495.550.167BMR (Kcl)1713.4329.981618.7286.761712.6220.680.135  *Lipid profile*Triglycerides (mg/dl)132.6557.26117.6845.19101.2330.240.036^∗^Total cholesterol (mg/dl)202.7140.24214.8936.58206.5439.730.262HDL-C (mg/dl)47.358.8750.619.6043.859.380.006^∗∗^LDL-C (mg/dl)128.5940.00140.6837.83143.0036.220.238[^5]

4. Discussion {#s0055}
=============

Genetic epidemiological data demonstrate that; in most cases; obesity is a multifactorial disorder with genetic contribution in the range of 40--70%. As obesity is excessive lipid deposition in the fat tissue, there is good reason to study the association between excessive fat mass and genetic polymorphisms of lipid transport proteins. Inherited variations of the apolipoprotein gene have influence circulating lipid concentration. One of the most closely monitored genes which may affect lipid metabolism and may predispose to obesity is the gene for Apo B and XbaI polymorphism [@b0080], [@b0085], [@b0090].

The present study, therefore, attempted to investigate the importance of the XbaI polymorphism of Apo B gene (C7673T) as risk factor for visceral obesity and its influence on lipid profile among a sample of Egyptian obese females.

Regarding XbaI polymorphism of Apo B gene (C7673T) frequency in the current studied sample; both obese and lean, it was obvious that the homozygote (TT) genotype was the most frequent; however the homozygote (CC) genotype was the least frequent.

Rajput-Williams and his colleagues [@b0095], in their analysis reported that; obesity was associated with Xba*I* that do not change the amino acid sequence. They stated that; these RFLP are likely to be in linkage disequilibrium with nearby functional variation predisposing to obesity. Moreover they postulated that this inherited variation of the apolipoprotein-B gene, influences circulating cholesterol concentration. The Apo B XbaI polymorphism was documented to be associated with obesity and dyslipidemia in North Indian population [@b0100]. Hu et al. [@b0105], *support these findings as they postulated that*; Apo B XbaI restriction site may serve as potential genetic markers affecting BMI and lipid profiles in children from Guangxi. Among Tunisian population, Apo B restriction fragment length polymorphisms (XbaI) have been found to be associated with variation in lipid levels, obesity and/or coronary artery disease [@b0110]. Sánchez-Cuén and his co-workers [@b0115], agreed with these findings, as they observed a significant association of Apo B XbaI gene polymorphism with obesity and serum lipid levels in Mexican population. While contradictory results were also available; Misra and his colleagues [@b0120] reported that Apo B XbaI gene polymorphism did not associate with obesity in Asian Indian. Srivastava et al. [@b0050] also coincide with this result as they showed that there was an insignificant difference in the genotype and allele frequencies of Apo B XbaI polymorphism between obese and non-obese subjects.

The current study revealed that there were insignificant associations between different genotypes of the Apo B XbaI polymorphism and the studied anthropometric parameters (Weight, Height, BMI, waist circumferences, Fat%, BMR, FM, FFM and TBW) while, the current study demonstrated an influence of XbaI polymorphism of Apo B gene on visceral obesity only. The most important finding emerging from the current study was that the frequency of the heterozygous genotype (CT) was significantly higher in obese with visceral obesity than in the other two groups (lean and obese with no visceral fat), (*p* = 0.002) while the homozygous wild type genotype (C/C), lacking the *XbaI* site was more frequent in obese patients without visceral fat (*p* = 0.017).

Ryo and his colleagues [@b0125] confirmed that regional adipose tissue parameters, especially visceral tissue mass are more closely associated with physiological and pathological processes than total adipose tissue mass.

The genetic determination of lipidemia has been intensively investigated since 1980s. Apo B gene is of particular interest since its protein product plays a crucial role in the formation and clearance of plasma LDL particles. The first papers addressing this topic [@b0130], [@b0135] referred to the T allele as a disadvantageous one. The above authors reported an association between the allele and increased levels of triacylglycerols (TG) and total cholesterol (TC). Talmud et al. [@b0140] demonstrated, in a randomly selected population sample, an association between the (CC) genotype and low TC levels. In a study conducted by Tybjaerg-Hansen et al. [@b0145], the highest levels of LDL-cholesterol were shown in TT homozygote with coronary artery disease (CAD). In hyperlipidemic patients TT homozygotes were found with increased levels of fasting TG [@b0150]. However, the subsequent studies produced opposite results; a group of CC homozygotes showed the highest levels of TC [@b0145] or LDL-cholesterol [@b0155]. Hansen et al. [@b0160] found the highest levels of TC in CC homozygotes whose body mass index (BMI) was \<25. A dietary study of Friedlander et al. [@b0165] indicated a more marked increase in blood lipid concentrations in individuals with TT receiving a high-cholesterol diet. The relationship between the XbaI polymorphism of the Apo B gene and serum lipid levels was not documented in the Japanese [@b0170] and Chinese [@b0175] population. This may be due to the much lower cholesterol concentration and a lower incidence of the (T) allele compared to European population.

In the current study, high statistical significant associations of genotypes were shown with; triglyceride concentrations (TG) (*p* = 0.036) and HDL-C (*p* = 0.006) levels among the female samples analyzed. The Wild type homozygous genotype was significantly associated with lower TG serum levels (*p* =  0.036). While there was no association between Apo B gene polymorphism and levels of the other lipid parameters (total cholesterol and LDL). Current study confirms the earlier association between the absence of the XbaI cutting site and the higher TG levels [@b0180].

Hypertriglyceridemia may be the major cause of the other lipid abnormalities since it will lead to delayed clearance of the TG-rich lipoproteins and formation of small dense LDL-C. The mechanism underlying the association between the Apo B XbaI polymorphism and lipid levels is unknown. It could be explained by variation in the synthetic rate of Apo B and Apo B containing lipoproteins, or variation in the removal rate of the Apo B in individuals with different Apo B XbaI genotypes. This effect might be due to the slightly lower LDL catabolic rate in the individuals with the *XbaI* cutting site. Also, variation in the Apo B gene could influence body fat deposition by affecting the delivery of triglycerides to adipose tissue by Apo B-containing VLDL particles. Other clarification may be; as serum concentration of lipids is highly variable during the day, and the weakness of the association might be due to the fact that serum lipids levels are generally measured in the fasting state during which they reach the lowest levels [@b0185]. Moreover it has been demonstrated that the *XbaI* polymorphism modifies dietary fat and cholesterol responses in individuals with the *XbaI* cutting site [@b0190].

There may be several reasons for the controversy or polarity observed in various studies. A simple explanation could be that Apo B XbaI polymorphism exhibits population specific variation, which may be due to gene and environment interactions with variation at the Apo B gene to determine an individual's plasma lipid and lipoprotein levels. There is general agreement that genetic heterogeneity across races and ethnicities exists in the Apo B gene polymorphisms [@b0195]. Apo B XbaI polymorphism does not lead to changes in the amino acid sequence and cannot be implicated at the structure level. It is possible that some other polymorphism in its vicinity might be present, which is in linkage disequilibrium with Apo B XbaI polymorphism and accountable for the observed association with obesity and lipid levels in other studies. Saha et al. [@b0175], showed a strong disequilibrium between ins/del polymorphism and the XbaI polymorphism of Apo B gene. Moreover, gene--environment interaction may also be responsible for the inconsistency of data due to differences in the diet and lifestyle of populations of various parts of the world [@b0200].

Studies with a larger sample size are necessary and further investigation is needed to confirm or refute the role of this polymorphism and/or other polymorphisms in relation to obesity (visceral obesity). In conclusion, the genetic diagnosis and molecular characterization of Apo B gene mutations will allow a better assessment of response to treatment, prevention and family screening in these subjects.

5. Conclusion {#s0060}
=============

Visceral obesity was associated significantly with the presence of the heterozygous (CT) genotype of the XbaI Apo B gene; in spite of the finding that the homozygote (TT) genotype was the most frequent and the homozygote (CC) genotype was the least frequent. There were significant associations between CT genotype and visceral obesity, triglycerides and HDL-C.
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[^1]: N.B.: ^\*\*^*p* \< 0.01 = highly significant differences.

[^2]: N.B.: ^\*\*^*p* \< 0.01 = highly significant differences.

[^3]: N.B.: ^\*\*^*p* \< 0.01 = highly significant differences.

[^4]: N.B.: ^\*\*^*p* \< 0.01 = highly significant differences.

[^5]: N.B.: ^\*^*p* \< 0.05 = significant differences. ^\*\*^*p* \< 0.01 = highly significant differences.
